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Apparatus and Method for Using RFID to Track Use of a Component within a Device 
FIELD OF THE INVENTION 

[0001] At least one embodiment of the present invention pertains to tracking use of a 
component within a device, and more particularly, to tracking the cumulative duration of 
use of a replaceable light source in a light source unit for an endoscopic imaging 
system. 

BACKGROUND 

[0002] Endoscopy in the medical field allows internal features of the body of a patient 
to be viewed without the use of traditional, fully-invasive surgery. Figures 1A and 1B 
collectively illustrate an endoscopic imaging system such as commonly used in the 
medical field. Figure 1 A generally illustrates the image generation and display 
components of the system, while Figure 1B illustrates the data acquisition components 
of the system. Figure 1B shows the data acquisition components, which include an 
endoscope 2, a camera 3, and a coupler 6 connecting the endoscope 2 to the camera 
3. The camera 3 acquires color video image data of internal features of a body through 
a system of lenses in the endoscope 2. Figure 1 A shows the image generation and 
display components of the system, which include a camera control unit (CCU) 4, a light 
source unit 7, a monitor 9, a video recorder 10, and a printer 11, which are stored on a 
mobile cart 12. Various other system configurations are also possible. 
[0003] High-intensity light is provided to the endoscope 2 by the light source unit 7 
through a flexible light conduit 8, such as fiber optic cable. Operation of the camera 
system can be controlled from the CCU 4. The camera 3 is coupled to the camera 
control unit (CCU) 4 by a flexible transmission line 5. The transmission line 5 conveys 
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power to the camera 3, video image data from the camera 3 to the CCU 4, and various 
control signals bi-directionally between the camera 3 and the CCU 4. Image data 
received by the CCU 4 from the camera 3 are processed and converted to video 
images by the CCU 4, which are displayed on the monitor 9, and if desired, recorded by 
the video recorder 10 and/or used to generate static images that can be printed by 
printer 1 1 . 

[0004] Light from the light source unit 7 is generated by a replaceable light bulb (not 
shown in Figure 1) inside the light source unit 7. The light bulb has a limited lifetime, 
i.e., eventually it will fail. It is extremely undesirable for the light bulb to fail during 
surgery, due to the potential danger to the patient posed by a sudden loss of 
illumination or a delay in surgery to replace the bulb, the risk of explosion of the bulb, 
and other potential adverse consequences. Therefore, it is necessary to replace the 
light bulb before a failure occurs. 

[0005] After a number of hours of use, which can be predicted with reasonable 
accuracy, the likelihood of failure of the light bulb increases substantially. This number 
of hours may be considered to be the light bulb's maximum useful lifetime. The 
manufacturer of the light bulb or the light source unit typically specifies the useful 
lifetime and/or a warranty period of the light bulb, in terms of hours of use. The 
manufacturer may offer an incentive to the user (customer) to replace the light bulb 
prior to expiration of the warranty period and/or the useful lifetime. 
[0006] However, it is burdensome for users to keep track of the number of hours the 
light bulb has been used. The light bulb cannot inherently track the number of hours 
that it has been used, as it lacks any circuitry to do so. Physical limitations that hinder 
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access to low voltage levels on the light bulb generally prevent the use of any 
conductively powered circuitry to perform this task. 

[0007] At least one known design for a light source unit attempts to address this 
problem. The light source unit keeps track of bulb use on its own, without actually 
knowing the true cumulative use of the bulb, and provides a bulb hours display on the 
front panel of the light source unit. In this design, the user has to reset the bulb hours 
display whenever the bulb is replaced. Also, if the user replaces the bulb with a used 
bulb, the light source unit has no way of knowing this, and there is no way to cause the 
light source unit to accurately display the true hours of use of the replacement bulb. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] One or more embodiments of the present invention are illustrated by way of 

example and not limitation in the figures of the accompanying drawings, in which like 

references indicate similar elements and in which: 

[0009] Figure 1 illustrates an endoscopic imaging system; 

[0010] Figure 2 is a block diagram of a light source unit for use in an endoscopic 

camera system; 

[0011] Figure 3 shows a portion of a light source unit that relates to communication 
with an RFID tag; 

[0012] Figure 4 is a perspective view of a light bulb assembly with an RFID tag affixed 
thereto; 

[0013] Figure 5 is a perspective installation drawing of a light source unit for use in an 
endoscopic imaging system, including a light bulb assembly with an RFID tag affixed 
thereto; and 

[0014] Figure 6 is close-up view showing the relative position and orientation of the 
antenna and the RFID tag. 
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DETAILED DESCRIPTION 

[0015] A method and apparatus for tracking the cumulative duration of use of a 
replaceable light source in a light source unit for an endoscopic imaging system are 
described. Note that in this description, references to "one embodiment" or "an 
embodiment" mean that the feature being referred to is included in at least one 
embodiment of the present invention. Further, separate references to "one 
embodiment" or "an embodiment" in this description do not necessarily refer to the 
same embodiment; however, such embodiments are also not mutually exclusive unless 
so stated, and except as will be readily apparent to those skilled in the art from the 
description. For example, a feature, structure, act, etc. described in one embodiment 
may also be included in other embodiments. Thus, the present invention can include a 
variety of combinations and/or integrations of the embodiments described herein. 
[0016] In accordance with the invention, radio frequency identification (RFID) circuitry 
is used in a light source unit for use in endoscopic surgery, to store and communicate 
cumulative light source use information. An inductively powered wireless RFID tag is 
affixed to an assembly containing the light bulb or other type of light source in the light 
source unit. To facilitate description, it is henceforth assumed herein that the light 
source is a light bulb. However, in other embodiments, a different type of light source 
may be used, such as one or more light-emitting diodes (LEDs), for example. 
[0017] The RFID tag on the light bulb assembly communicates with a conductively- 
powered radio frequency (RF) transceiver in the light source unit via a low-frequency 
modulation wave through the air (i.e., wirelessly). The RFID tag includes non-volatile 
memory (e.g., flash or some form of EPROM) which stores a value representing the 
cumulative duration of use of the light bulb. 
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[0018] The value is initially set by the manufacturer of the light bulb assembly. When 
the light bulb assembly is installed in the light source unit and the light source unit is 
powered on, the transceiver reads the value from the RFID tag and communicates the 
value to control circuitry in the light source unit. The control circuitry tracks use of the 
light bulb within the light source unit, and based on such tracking, periodically causes 
the transceiver to update the stored value in the RFID tag via the wireless link. 
Cumulative bulb usage hours is displayed on the front panel of the light source unit 
based on the current value stored in the RFID tag. 

[0019] The RFID tag is powered by the same modulation wave that is used for 
communication between the transceiver and the RFID tag. Wireless communication 
between the transceiver and the RFID tag is achieved using an LC resonance circuit 
driven by the transceiver, which inductively couples with a corresponding LC resonance 
circuit within the RFID tag. 

[0020] This approach enables accurate tracking of cumulative light bulb use, 
independently of the light source unit in which the bulb is used. The user never needs 
to reset the bulb usage display when the bulb is replaced. Hence, users are enabled to 
order and install replacement bulbs before they exceed the warranty period or fail 
unexpectedly. Furthermore, this approach enables the bulb usage display to remain 
accurate even if the light bulb is replaced by a used bulb. 

[0021] This design also requires no direct contact between the RFID tag and either 
the antenna or the transceiver. The RFID tag also (or alternatively) may store various 
other types of data, such as a custom password that protects the system from external 
interruptions or intrusions, as well as other information. 
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[0022] Note that the approach introduced herein is not limited in application to use 
with a light bulb or any other component of a light source unit. The approach 
introduced herein can be used to provide accurate tracking of cumulative use or other 
information associated with potentially any component in any piece of equipment. To 
facilitate explanation of the invention, however, the description which follows is directed 
to tracking use of a light bulb (or other light source) in a light source unit for use in 
endoscopy. 

[0023] Figure 2 is a block diagram showing the components of a light source unit 21 
for use in an endoscopic imaging system. Light source unit 21 may be used in the 
same manner as light source unit 7 in Figure 1 . The light source unit 21 includes a light 
bulb assembly 22, which includes a light bulb 23 to generate high-intensity light to be 
transmitted through an endoscope. In other embodiments, the light bulb 23 may be 
replaced by another form of light source, such as one or more light-emitting diodes 
(LEDs), for example. The light source unit 21 further includes an internal light coupler 
24 optically coupled to the light bulb 23 and to an external light conduit connector 25 on 
the front plate of the light source unit 21 . During operation, light from the light bulb 23 is 
transmitted through the internal light coupler 24 and the light conduit connector 25 to a 
flexible light conduit such as fiber-optic cable (not shown in Figure 2) connected 
externally to the light source unit 21 , the opposite end of which is optically coupled to 
the endoscope. 

[0024] The light source unit 21 further includes a microcontroller 26, an RFID tag 27, 
an RF transceiver 28, an antenna, a power supply 30, a timer 31, one or more input 
devices 32, and one or more output devices 33. The light source unit 21 may also 


7 


contain components that are not shown or described, which are not germane to the 
present invention. 

[0025] The microcontroller controls and coordinates the overall operation of the light 
source unit 21 . The microcontroller may include its own internal memory (not shown) 
and may be programmable. 

[0026] The input devices 32 may include, for example, one or more switches, buttons, 
or other devices, to control various functions of the light source unit 21 , such as power 
on/off, mode selection, light intensity, etc. The output devices 33 are used to provide 
the user with information to facilitate operation of the light source unit 21 , including 
cumulative usage hours of the light bulb 23, as well as feedback on parameters such as 
light intensity, etc. The output devices 33 may include one or more display devices, 
such as a liquid crystal display (LCD), cathode ray tube (CRT), or the like, and/or one or 
more sound output devices (e.g., audio speakers). Furthermore, although the input 
devices 32 and output devices 33 are shown as being separate, an input device 32 and 
an output device 33 may be combined in a single device, such as a touchscreen 
display. 

[0027] All of the active components shown in Figure 2 except the RFID tag 27 are 
conductively powered by the power supply 30. The RFID tag 27 is powered by RF 
induction from the antenna 29. 

[0028] In certain embodiments, the antenna 29 is a simple coil (i.e., an inductor) that 
forms part of a series LC resonance circuit, which is shown in Figure 3. As can be seen 
from Figure 3, the LC resonance circuit 36 is driven by the RF transceiver 28. The LC 
resonance circuit 36 includes the antenna (coil) 29, a capacitor 34, and a resistor 35, all 
coupled in series with the signal output of the RF transceiver 28. The antenna 29 
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inductively couples with a corresponding LC resonance circuit (not shown) within the 
RFID tag 27. The purpose of the resonance circuit 36 is to increase the size of the 
sinusoidal wave across the antenna 29, as discussed further below. 
[0029] The resulting large-scale voltage wave produced at the antenna 29 charges a 
small capacitor that is attached to the resonance circuit in the RFID tag 27, provided the 
RFID tag 27 is positioned close to the antenna 29 (e.g., within about one inch, for the 
embodiments described herein). The small capacitor in the RFID tag 27 is used to 
drive the circuitry within the RFID tag 27 for a short period of time, i.e., as long as the 
charge remains on the small capacitor. Once the capacitor in the RFID tag 27 is 
charged and the RFID tag 27 is operating, the large-scale voltage wave is pulse- 
amplitude modulated to provide communication between the RF transceiver 28 and the 
RFID tag 27. 

[0030] The LC resonance circuit 36 is designed so that its natural resonant frequency 
is substantially equal to the frequency of the sinusoidal wave produced by the RF 
transceiver 28, subject to minor tuning. In general, the natural resonant frequency, f r , of 
a series LC circuit is defined as f r = 1 / {2n V(LC)). Thus, in the embodiment discussed 
above, L in the foregoing formula is the inductance value of the antenna 29, and C is 
the capacitance value of the capacitor 34. In practice, this frequency varies due to 
factors such as the mutual inductance created by the coupling of the secondary coil in 
the RFID tag (not shown), and the variation in the values of the antenna 29 and 
capacitor 34. Therefore, for optimum results, the inductance and capacitance values of 
the antenna 29 and capacitor 34, respectively, should be tuned by measuring 
secondary power across the load at different frequencies around the calculated natural 
resonant frequency for the specific application load. 
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[0031] In one embodiment, the RF transceiver 28 is the HTRC1 1001T reader chip 
from Philips Semiconductors ("Philips"), and the RFID tag 27 is the HT2DC20S20M tag 
from Philips. In this embodiment, the RF transceiver 28 transmits a 50-100 V peak-to- 
peak sinusoidal wave at a frequency of about 125 kHz; the capacitor 34 has a 
capacitance value of about 3.6 nanofarads; the antenna 29 has an inductance value of 
about 447 microhenries; and the resistor 35 has a resistance value of about 22 ohms. 
The antenna 29 is mounted within the light source unit 21 so that its center it is about 
one inch from the center of the RFID tag 27. 

[0032] Figure 4 shows an embodiment of the light bulb assembly 22, illustrating how 
the RFID tag 27 can be affixed to it. The light bulb assembly 22 can be installed in the 
light source unit 21 has shown in Figure 5. The light bulb assembly 22 includes a 
hollow cylindrical housing 41, a heat sink installed within the interior of the housing 41, 
and the light bulb 23, which is the light source of the light source unit 21 . The housing 
41 is made of plastic and includes two flat extensions 43 from the front and back of the 
lower portion of its exterior surface, which provide a stable base for the light bulb 
assembly 22. The heat sink comprises a hollow metal cylindrical hub 45 and a number 
of flat metal vanes 44 that extend radially from the hub 45 almost to the interior surface 
of the housing 41 . The light bulb 23 is installed in the interior of the hub 45. 
[0033] When the light bulb assembly 22 is installed in the light source unit 21 , 
electrical terminals (not shown) of the light bulb 23 electrically connect to the power 
supply 30 via two socket connectors 46 on the light bulb assembly 22, which mate with 
two corresponding conductive prongs (terminals) on the power supply 30. The light 
bulb assembly 22 is removable from the light source unit 21 (e.g., for inspection or 
replacement) and includes a handle to facilitate removal. The handle 47 is mounted on 
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a hinge 48 attached to the exterior of the housing 41 . The light bulb assembly 22 is 
removed from the light source unit 21 by pulling on the handle 47, causing the light 
source assembly 22 to slide away from the power supply 30 so as to disconnect it from 
the power supply 30. 

[0034] To accommodate the RFID tag 27, the light bulb assembly 22 also includes 
small rectangular pedestal 49 on the upper portion of the exterior surface of the housing 
41 . The pedestal may be formed integrally with the exterior surface of the housing 41 , 
or it may be manufactured as a separate component and then affixed to the exterior 
surface of the housing 41 . As shown in Figure 4, the pedestal 49 is located slightly 
offset from the top of the housing 41 (at about the "10 o'clock" position when viewing 
the light bulb end on), in order to provide the RFID tag 27 with an optimum position and 
orientation relative to the antenna 29, as shown in Figure 5. In other embodiments, 
different positions and orientations of the antenna 29 and pedestal 49 may be used. 
[0035] The RFID tag 27 is typically embodied as a conventionally packaged 
microelectronic chip. During manufacture of the light bulb assembly 22, the RFID tag is 
placed within a shallow depression 50 at the top of the pedestal 49. The RFID tag 27 is 
then fixed in this position by applying a layer of glue (e.g., epoxy) over it, which 
completely encases the RFID tag 27 and fixes it to the housing 41 when the glue is 
hardened/cured. Once hardened/cured, the glue serves both to fix the RFID tag 27 to 
the housing 41 and to protect the RFID tag 27 from damage and tampering. 
[0036] Figure 5 shows how the light bulb assembly 22 can be installed in the light 
source unit 21 , to allow wireless communication between the RF transceiver 28 and the 
RFID tag 27. More specifically, Figure 5 shows a perspective view of the light source 
unit 21, with its cover removed so as to expose certain significant internal components, 
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including the light bulb assembly 22, the power supply 30, and a circuit board 51 . The 
light source unit 21 has a front panel 52 that provides a user interface, including the 
input controls 32, the output devices 33, and the light conduit connector 25. One of the 
output devices 33 (an LCD, for example) is used to display light bulb usage hours. 
Other conventional and well-known components of the light source unit 21 which are 
not germane to the present invention are not shown in Figure 5. 
[0037] The light bulb assembly 22 is electrically connected to the power supply 30 
and is installed adjacent to the power supply 30, such that the light bulb 23 is optically 
aligned with the optical coupler 24. The circuit board 51 is mounted on top of the power 
supply 30 and is raised above the top surface of the power supply 30 by spacers 53 to 
facilitate heat dissipation. Mounted on the circuit board 51 are the antenna 29 and a 
set of microelectronic devices 55, which includes the RF transceiver 28, the 
microcontroller 26, and the timer 31 (see Figure 2). The antenna 29 extends 
horizontally beyond the edge of the circuit board 51 in a position such that the center of 
the antenna 29 is about one inch from the center of the RFID tag 27 mounted on the 
light bulb assembly 22, when the light bulb assembly 22 is installed in the light source 
unit 21 . Figure 6 is close-up view showing the relative position and orientation of the 
antenna 29 and the RFID tag 27. 

[0038] When the light bulb assembly 22 is manufactured, an initial value representing 
bulb usage hours is stored in the memory 37 (see Figure 3) within the RFID tag 27. 
Since the manufacturer of the light bulb assembly 22 is not necessarily the 
manufacturer of the whole light source unit 21, this process of storing the initial value 
may be done using transceiver circuitry that is similar to that shown in Figure 2 but not 
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necessarily part of a light source unit 21 . The initial value will normally be zero or a 
small non-zero value to reflect the manufacturer's testing of the light bulb 23. 
[0039] When the fully assembled light source unit 21 is powered on, the 
microcontroller 26 causes the RF transceiver to read the value of bulb usage hours 
stored in the RFID tag 27. The RF transceiver 28 passes the value to the 
microcontroller 26, which causes one of the output devices 33 (e.g., an LCD) to display 
to the user an indication of the cumulative duration of use of the light bulb. The 
microcontroller 26 keeps track of further bulb use based on timing input from the timer 
31 . Periodically (e.g., once per minute), the microcontroller 26 causes the RF 
transceiver 28 to update (rewrite) the value stored in the RFID tag 27 to reflect further 
use of the light bulb, and the output indication to the user is updated accordingly. 
[0040] Besides bulb usage hours, other types information may also be stored in the 
memory 37 within the RFID tag 27, such as a password or other authentication data, 
which can be used to protect the light source unit from external interruptions for 
intrusions. Thus, the password may be used to selectively enable or disable use of the 
light source unit. As another example, the RFID tag 27 may store data identifying the 
light bulb 23 or the light bulb assembly 22, (e.g., by manufacturer, model number and 
serial number). As yet another example, the microcontroller 26 may be configured to 
cause the RF transceiver 28 to store in the RFID tag 27 data identifying the light source 
unit 21 (e.g., by manufacturer, model number and serial number). This data could then 
be used, for example, by the manufacturer to determine whether the light bulb 
assembly 22 has been used improperly in a light source unit for which it is not qualified 
or compatible, if the light bulb assembly 22 (or the entire light source unit 21 ) requires 
service after a failure. The memory 37 in the RFID tag 27 can also be used to store 
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performance data relating to any one or more components in the light source unit 21 
(which may include diagnostic data relating to operation or failure of the component), 
which is not limited to the light bulb 23 or the light bulb assembly 22. This data can be 
used by the manufacturer to provide better service and to improve future product 
designs. Thus, essentially any kind of data can be stored in the RFID tag 27. In 
general, after the initial data is set in the RF ID tag 27 by the manufacturer, the 
microcontroller 26 determines what data is stored in and read from the RFID tag 27 and 
when such data is stored or read, according to its programming. 
[0041] Thus, a method and apparatus for tracking the cumulative duration of use of a 
replaceable light source in a light source unit for an endoscopic camera system have 
been described. Although the present invention has been described with reference to 
specific exemplary embodiments, it will be recognized that the invention is not limited to 
the embodiments described, but can be practiced with modification and alteration within 
the spirit and scope of the appended claims. Accordingly, the specification and 
drawings are to be regarded in an illustrative sense rather than a restrictive sense. 
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